As the potential role of genetic testing in disease prevention and management grows, so does concern about differences in uptake of genetic testing across social and racial groups. Characteristics of how genetic tests are delivered may influence willingness to undergo testing and, if they affect population subgroups differently, alter disparities in testing.
T he role of genetic susceptibility testing in health promotion and disease prevention is growing. [1] [2] [3] [4] Several advisory groups now support BRCA1/2 testing for breast and ovarian cancer risk assessment and MLH1/MSH2 testing for colon cancer risk assessment in appropriate individuals. [5] [6] [7] Access to genetic counseling was included in the preventive health services that must be covered by new insurance plans. 8 Furthermore, disease-associated single nucleotide polymorphisms identified by genome-wide association studies may soon provide meaningful risk discrimination. 9, 10 Although genetic testing decisions require balancing potential benefits of genetic information with risks of unnecessary anxiety and follow-up procedures, the number of clinically relevant genetic tests is likely to increase in the near future.
As the role of genetic testing grows, so does concern about differences in the uptake of testing across racial and socioeconomic groups. [11] [12] [13] [14] Several studies found that African American women are less likely to undergo BRCA1/2 testing than white women, even with a similar probability mutation. [15] [16] [17] Other studies have documented differences in awareness and attitudes about genetic testing between African Americans and white including lower awareness but greater concern about genetic discrimination among African Americans. [18] [19] [20] [21] [22] [23] This concern is linked to higher levels of health care-related distrust among African Americans in general. [24] [25] [26] [27] [28] [29] [30] A related body of literature has examined concerns about targeting of BRCA1/2 testing among Ashkenazi women, demonstrating that a minority of Ashkenazi women were concerned about the focus on the Jewish community despite the higher prevalence of BRCA1/2 mutations. [31] [32] [33] Disparities in health care utilization may be influenced by characteristics of the health care delivery system, some of which are potentially modifiable. 34 One example of this relationship is the racial disparity in health insurance coverage. 35 Patients with health insurance coverage are more likely to use health care and the provision of health insurance to minority groups can be modified by changes in health policy. However, there are also more subtle ways that decisions or policies about health care delivery may influence racial disparities. 35 In the case of genetic testing, we hypothesized that policies that increase concern about adverse uses of genetic testing may widen some disparities, whereas policies that reduce such concerns may narrow disparities. Furthermore, policy effects may be particularly great for individuals with high levels of distrust of the health care system. 36 Such policies might include access to test results by insurers or other groups, targeting genetic tests to specific racial groups (such as the Multisite BRAC Analysis for Ashkenazi individuals www. myriadpro.com/test-offerings), and the delivery of genetic tests by primary care providers. Each of these issues has been debated related to genetic test delivery in recent years, however, little attention has been paid to how such policies might influence disparities in test utilization.
One potentially useful approach to understanding potential effects of such policies is through studies of their effect on preferences or intentions. Conjoint analysis provides a tool for understanding how differences in the attributes of a good or service can influence utilization decisions. [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] In conjoint analysis, consumers are asked to choose or rate a preferred good/service across scenarios that vary levels of different attributes of the good or service. 47 In the current study, we used conjoint analysis to examine the effect of 3 attributes of genetic test delivery (insurer access to results, primary care provider versus specialist, race-specific vs. race-neutral marketing) on willingness to undergo a genetic test for cancer susceptibility in a hypothetical clinical scenario. These attributes were chosen because they were under active discussion as policy alternatives at the time of data collection. The description of each of these attributes was simplified for the conjoint analysis but was designed to reflect the information that could be presented to a patient deciding about a genetic test. We were particularly interested in whether the effect of these potentially modifiable characteristics of genetic test delivery differed by patient race or level of health care system distrust.
METHODS
We conducted a conjoint analysis study of African American and white adults identified through random digit dialing. The study population included a random national sample supplemented by samples from 40 Metropolitan Statistical Areas. The conjoint study was part of a larger survey assessing the community determinants of health care system distrust. From the larger survey, participants were randomly selected to participate in the conjoint module. To identify the telephone numbers, a simple random sample of telephone numbers was selected from the frame of all possible telephone numbers within each sampling unit. The sampled telephone numbers were matched against a Yellow Pages database to remove business numbers from the sample.
Study Variables
The genetic testing conjoint survey instrument was comprised of 4 parts.
Conjoint scenarios included 3 sections:(Appendix) a brief
introduction of genetic testing for cancer risk; a description of a hypothetical genetic test for cancer risk, specifying that the test was free and accurate and that there were treatments with only mild side effects avaiable to prevent cancer among high-risk individuals; 8 different genetic test scenarios including all possible combinations of the 2 levels of the 3 attributes. For example, 1 scenario was "The test is only for people of your race, you must be seen by a specialist to get the test and the insurance companies can get your test results," and another was "The test is for people of all races, you get the test from your primary care doctor, and the insurance companies cannot get your test results." Participants were told that the scenarios would vary across the 3 attributes and that they would be asked how likely they would be to get tested in each of the scenarios on a scale of 1-10 where 1 means very unlikely and 10 means very likely. 2. Health care system distrust was assessed using the Revised Health Care System Distrust Scale-a 9-item established scale ranging from a minimum of 9 (low distrust) to 45 (high distrust) (Cronbach a, 0.83). 36 The scale includes 2 validated subscales: competence distrust (4 items with a range of 5-20; Cronbach a, 0.77) that assessed perceptions of the technical competence of the health care system and values distrust (5 items with a range of 5-25; Cronbach a, 0.73) that assessed the values of the health care system including the dimensions of the health care system's honesty, motives, and equity. 3. Measures of health care access included whether the respondent currently had health insurance coverage, whether they had a personal doctor, whether they had gone without needed medical care in the past 12 months because of the cost. These items were derived from the National Health Interview Survey. 48 4. Sociodemographic characteristics, including race, ethnicity, educational level, and income were assessed using established items. 48 Whether the respondent lived with a partner was assessed using an item developed for this survey. For 59% of the sample, age was determined from publicly available data. For the remaining sample, age was imputed using a Markov Chain Monte Carlo method based on sociodemographics, health behavior, ethnicity, and race. 49 Models including or excluding the age variable gave similar results.
Data Collection
Data were collected using a computer-assisted telephone interview between June 3, 2006 and December 21, 2006 . Although conjoint analysis has traditionally been conducted using paper or internet data collection, phone collection has been used in several prior conjoint studies. 50 We used telephone data collection on the basis of a pilot study comparing the conjoint completion rate between 2 data collection strategies: the first completing conjoint items in a random digit dialing telephone contact, the second using a phonemail-phone strategy with the participant identified through the random digit dialing survey, the conjoint instrument mailed to the participant, and the data collected in a subsequent phone call. Of the 80 participants in the phone only arm, all completed the survey. Of the 80 participants in the phone-mailphone arm, 15 refused the mailed component and completed the survey in the initial call, 35 completed the conjoint survey in the second phone call, and 30 could not be reached for the second phone call. Drop out in the phone-mail-phone arm was significantly higher among minority participants.
Within each eligible household, an adult was randomly selected from the total number of adult males and adult females in the household identified by the answering party. The overall response rate for the full survey (ie, proportion of completed plus partial interviews divided by the number of interviews plus the number of refusals plus the estimated eligible proportion of noncontacted households-AAPOR #4) was 31.1%. 51 Of the 2575 survey participants, 128 African American and 209 white participants were selected to participate in the genetic testing conjoint study. The demographic characteristics (ie, sex, age, race, educational level) of the conjoint sample were not significantly different from those of the overall sample.
Statistical Analysis
Characteristics of black and white respondents were compared using t tests for continuous variables involving distrust, and w 2 tests for categorical variables. Linear regression investigated associations between the attribute levels and participant characteristics and the rating of likelihood of undergoing testing. Correlation between the 8 conjoint scenarios nested within participant was taken into account using generalized estimating equations with an independence correlation structure. Models include the 3 test attributes, patient race, distrust score(s), and other sociodemographic variables including health insurance status, as well as interaction terms between the attributes and patient race and between the attributes and measures of health care system distrust. Wald tests were used to assess significance with a type I error rate of 0.05. The reported results are based on the robust standard error. Secondary analyses were conducted using an ordinal logit model adjusting for clustering of observations within participant with the dependent variable categorized either as low (1-3), moderate (4-7), or high ( > 7) or dichotomized as low (< 5) versus high (Z5) likelihood of undergoing the test. These results were substantively the same as the results using the linear models. All analyses were conducted in R or SAS.
RESULTS
Characteristics of the study participants are shown in Table 1 . African Americans and whites had similar distributions of age, sex, and measures of health care access, however, African Americans were significantly less likely to be male, to have a college degree or higher, to have a partner, and to be in the higher income categories. African Americans had slightly higher distrust scores with a greater difference for the values than competence subscale and statistical significant differences for the continuous values distrust measure and the categorical overall distrust measure.
Overall willingness to undergo genetic testing in the baseline scenario (primary care access, no disclosure of results to insurers, nonrace specific marketing) was moderately high (7.2 on scale from 0-10) and did not differ between races 6.90 for African Americans versus 7.41 for whites (P = 0.068). However, each of the policy alternatives studied (specialist access, disclosure of results to insurers, racespecific marketing) negatively impacted the likelihood of undergoing testing, with the greatest effect for disclosure to insurance companies. Adding sociodemographic variables to this model had little impact on the significance of the test attributes ( Table 2 ). The effect of the policy alternatives did not differ by race (P values for interaction terms > 0.10).
In contrast, the effect of 2 of the policy alternatives varied according to levels of distrust, particularly the distrust subscales (P values for interaction with competence and values scores < 0.05) ( Table 3 ). The adverse effect of specialist access on likelihood of testing was smaller among individuals with higher levels of overall health care system distrust (P = 0.08 for interaction) and particularly among individuals with higher levels of competence distrust (P = 0.034 for interaction). Access through a specialist led to a 0.34-unit decrease in likelihood of testing for individuals at the lowest decile of competence distrust, however, no change in likelihood for individuals at the ninth decile of competence distrust. In contrast, the adverse effect of insurance company disclosure was higher among individuals with higher levels of overall health care system distrust (P = 0.053 for interaction) and particularly among individuals with higher levels of values distrust (P = 0.026 for interaction). Disclosure to insurance companies led to a 1.06-unit decrease in likelihood of testing among individuals at the lowest decile of values distrust compared with a 2-unit decrease among individuals at the ninth decile of values distrust.
DISCUSSION
Utilization of predictive genetic testing remains an important issue for the translation of advances in genomics into improvements in disease prevention and chronic disease management. Concern exists about inequities in utilization across racial or socioeconomic groups as differential uptake of genetic testing may exacerbate existing health and health care disparities. Despite this concern, relatively little is known about what might be done to reduce disparities in utilization of genetic testing. In this study, self-reported likelihood of undergoing a hypothetical genetic test for cancer risk was lower in scenarios when the results are disclosed to the participant's health insurance company, when the test must be obtained from a specialist, and when the test marketing is specific to the participant's racial group. However, the effect of these first 2 characteristics varied between people with different levels of health care system distrust, with individuals with high values distrust being particularly sensitive to the disclosure of results to insurance companies and individuals with high competence distrust being less sensitive to the need to obtain the test from the specialist. Although health care system distrust was slightly higher among African Americans than whites (particularly values distrust), there were no differences in the effect of these characteristics between African Americans and whites.
As hypothesized, certain characteristic of the delivery system reduce likelihood of undergoing genetic testing.
Having to see a specialist to get the test increases the difficulty of obtaining the test and may raise concern about the cost of access. Disclosure of results to insurance companies is likely to raise concerns about insurance discrimination, which has been previously shown to be an important determinant of willingness to get tested. 52 Race-specific marketing also reduced likelihood of testing, an effect that was anticipated among African Americans but was unexpected among whites. Targeting of genetic testing to any racial or ethnic group may create concerns about the use of the test results for racial or ethnic discrimination. Although the discussion of these issues has generally focused on groups with a history of discrimination (eg, African Americans, Ashkenazi Jews), these results suggest racial targeting concerns may exist even among majority groups and that presenting tests as specific to 1 group may paradoxically reduce uptake across all groups. 33, 53 Consistent with previous work, we found a small, marginally significant difference in willingness to undergo testing between African Americans and whites in unadjusted analysis. 21 However, this difference was not significant after adjustment and the effect of the attributes on likelihood of testing did not differ by race. It is possible that racial differences in willingness to undergo testing have abated over time as knowledge about genetic testing has become more widespread and testing availability has increased. These results also suggest that policies about the delivery of testing by primary care providers, the disclosure of test results to insurers, and race-specific test marketing are not likely to create or exacerbate racial differences in uptake.
In contrast, although the overall effect of health care system distrust on likelihood of undergoing genetic testing was also relatively small and marginally significant, the strength of that association depends upon both whether the test is delivered by a primary care provider or a specialist and on whether the test results are disclosed to insurers. If test results are disclosed to health insurers, individuals with high values distrust will be particularly discouraged from undergoing testing. Values distrust encompasses concerns about the motives of the components of the health care system including insurers and it is not surprising that it heighten concerns about how insurers will use genetic test results. 36 Given that disclosure to insurers lowers utilization overall, a policy that restricts disclosure of test results should both increase likelihood of test utilization and reduce disparities in utilization by health care system distrust. If the test is delivered by specialists, individuals with low competence distrust will be less likely to undergo testing, whereas those with high competence distrust will be unaffected. One possible explanation for this finding is that while accessing specialists is inconvenient for all respondents, individuals who distrust the overall competence of the health care system place a greater utility on obtaining specialist input as specialists are often seen as having greater competence in their area of expertise. Thus, the overall effect of primary care provider delivery is to increase likelihood of testing, but mostly driven by those with low competence distrust. Although it is accepted that disparities by race and socioeconomic status are problematic, the importance of differences in utilization by health care system distrust alone is uncertain. It is not clear that individuals with higher levels of health care system distrust represent a disadvantaged population or whether differences in utilization across distrust levels represent a socially unacceptable source of variation. In addition, this study suggests that conjoint analysis may be a useful method for testing the potential effects of different decisions about health care delivery on utilization, including differential utilization among population subgroups. Conjoint analysis has been used extensively in marketing to predict future purchasing behavior, and to identify how preferences vary across subgroups-a process often termed market segmentation. Although this study does not allow us to test whether the preferences for the attributes of genetic testing would translate into actual behavior, the results have considerable face validity and the ability to assess conjoint scenarios for this relatively complex topic through a random digit dialing survey increases the feasibility of this method for other questions.
This study has several limitations. As noted above conjoint analysis measures preferences not actual behavior. Rates of genetic testing have been shown to be substantially lower than what was predicted on the basis of studies of preferences or intentions. However, the focus of the conjoint analysis is on the relative effect of different attributes rather than the absolute rate of testing. The response rate was relatively low and it is possible that nonresponders differed from responders. We did not have data on nonresponders to assess for the degree of response bias. Because conjoint analysis is a within-subject experimental design, the results are likely to be valid within the sample but may not generalize outside of the sample. We conducted the data collection by telephone because of concerns about completion rates using a phone-mailphone strategy, particularly among minority participants. However, it is possible that the validity of the results could be affected by difficulty completing the conjoint scenarios without visual items. These data were collected in 2006 before the Genetic Information Non-discrimination Act of 2008. This legislation prevents discrimination by employers and health insurers on the basis of genetic information and may have reduced the adverse impact of insurance company disclosure on likelihood of testing.
In summary, willingness to undergo genetic testing is associated with several modifiable characteristics of how the tests are delivered. The effect of 2 of these characteristics (disclosure of test results to insurers and specialist vs. primary care access) are modified in very specific patterns by values and competence distrust respectively, indicating that policy decisions about delivery of genetic testing may have differential effects across patients and may either widen or narrow existing disparities in testing utilization.
APPENDIX: CONJOINT SCENARIOS

Introduction to Genetic Testing
Now I'd like to talk about genes and genetics for a moment. You inherit some things, like your hair color or blood type, from your parents, through your genes. You can also inherit 
